Introduction
============

As described in the report of the Lancet Commission on Global Surgery, Global Surgery 2030, approximately 30% of the global burden of disease can be attributed to surgically treatable conditions, and the role of surgical and anesthesia care in improving the health of individuals and the economic productivity of countries has aroused the attention of World Health Organization (WHO).[@b1-jpr-10-2687] An ultimate goal of surgical treatment is approaching better recovery for a high quality of life without complications and sequelaes. More than 80% of surgical patients experience postoperative pain,[@b2-jpr-10-2687] the undertreatment of which results in a variety of negative consequences and remains a considerable problem worldwide.[@b3-jpr-10-2687] Persistent postsurgical pain (PPP), the incidence of which being up to 30--50%, originating from surgical intervention and acute postoperative pain without adequate management, has major negative effects on the individual's quality of life and places a heavy burden to the society disturbing millions of people globally and challenges for perioperative physicians.[@b3-jpr-10-2687]--[@b5-jpr-10-2687] The severity of postoperative pain has been suggested as a key risk factor of PPP, and adequate analgesia for acute pain during the early postsurgical period may be associated with less incidence of PPP.[@b3-jpr-10-2687] Postanesthesia care unit (PACU) spans the transition from surgery room to wards, and most patients spend the first few hours after surgery, their immediate postoperative period, in the PACU. Adequate pain management in the PACU is a vital part of preventing PPP. We reviewed the recent studies for the advances in assessments and treatments for postoperative pain in the PACU.

Postoperative pain in the PACU
==============================

It was shown that 41% of patients in the PACU reported moderate or severe pain.[@b6-jpr-10-2687] Most of the patients in the PACU are characterized with a number of physiological disturbances caused by emergence from anesthesia and surgery, which affect multiple organs and systems. Postoperative pain and following agitation usually add risks and deterioration to complications with their interactions, aggravating outcomes. According to the guidelines by the American Society of Anesthesiologists, routine assessment and monitoring of pain detects complications and reduces adverse outcomes, which should be performed during emergence and recovery.[@b7-jpr-10-2687] However, unconsciousness and/or inabilities of clear verbal expression bring more difficulties in assessment and treatment for pain in the PACU.

Peripheral sensitization, central sensitization, and chronification of acute postoperative pain
===============================================================================================

Nerve injury and inflammation result in increased synthesis and release of prostanoids at the surgical site. Distal to the site of nerve injury, multiple signaling pathways promote increased nociceptive sensitivity, known as peripheral sensitization, which leads to allodynia and hyperalgesia. With prolonged painful stimulus, the dorsal horn acts as the site of central sensitization as a result of the repetitive nociceptive stimulation. In addition to chemical and genetic changes, the brainstem contributes to central sensitization by decreasing descending inhibitory modulation.[@b8-jpr-10-2687] Both peripheral and central sensitizations lead to postoperative pain hypersensitivity due to lowered pain threshold in peripheral nociceptors and increased excitability of spinal neurons, consequently resulting in PPP without timely adequate control of acute postoperative pain.[@b9-jpr-10-2687]

Assessment of postoperative pain in the PACU
============================================

For better treatment and management, pain should be assessed accurately and timely, which poses challenge when concerning patients in the PACU. Although a clear description of pain should include its location, onset, character, exacerbating and relieving factors, etc., it is usually more practical to assess the intensity of pain and record time to the first analgesic usage, the amount of analgesics, the effects and adverse effects of treatment, modulation of analgesic strategies according to the response of patients, and their satisfaction in the PACU. Psychological factors influence pain perception; hence, mental status should be taken into consideration, especially for those with the history of psychiatric disorders. Identifying existed anxiety, depression, neuroticism, etc., may facilitate the assessment of pain.

There are many methods for assessing pain intensity, including observer and self-report scales. Since pain is mainly a subjective perception, the self-reporting assessment remains the gold standard for patients with consciousness, precise understanding, and verbal expression, including the Visual Analog Scale (VAS), Numerical Rating Scale (NRS), Verbal Rating Scale (VRS), and Wong--Baker Face Pain Rating Scale, although the standard method is still a topic of debate.[@b10-jpr-10-2687] Due to uncompleted recovery from anesthesia or sedation, the results of subjective methods may be interfered by the temporary condition of the patients in the PACU (such as sedated, critically ill, cognitively impaired, or having difficulties in communicating). Therefore, objective assessment of pain and analgesia would be valuable in the PACU.

Observer-based assessment (such as Behavioral Pain Scale) can be used for objective assessment of pain. Recently, there have been more advances in novel potential objective assessments being independent of patients' participation, such as photoplethysmography (PPG)-derived parameters (assessing cardiac and vascular sympathetic response), analgesia nociception index (ANI, assessing parasympathetic cardiac response), skin conductance (SC, assessing vascular sympathetic response), and pupillometry (based on the assessment of the pupillary reflex dilatation induced by nociceptive stimulations). Most of the abovementioned methods are based on the assessment of the autonomic response to noxious stimulation indicating analgesia/nociception balance.[@b11-jpr-10-2687],[@b12-jpr-10-2687] Electroencephalogram-derived indices (such as qCON and qNOX) have also been investigated as possible predictors of patients' response to noxious stimulation under general anesthesia, which may be potentially used in the PACU, although more further studies are required.[@b13-jpr-10-2687],[@b14-jpr-10-2687]

PPG-derived parameters
======================

PPG is a sensitive indicator in reflecting blood volume change and correlated with systematic vascular resistance, which qualifies PPG to detect hemodynamic variables reflecting the autonomic nervous system response to pain timely. PPG can be potentially used as a surrogate to assess pain with derived parameters of which including surgical pleth index (SPI), the amplitude of alternating current (AC) and direct current (DC) and the ratio (AC/DC), photoplethysmographic pulse wave amplitude, autonomic nervous system state (ANSS), and ANSS index (ANSSi).[@b15-jpr-10-2687] Proposed as an objective measure of the nociception--anti-nociception balance, SPI was primarily used as a monitoring tool for intraoperative pain under general anesthesia to guide analgesia, but its usage has been expanded to assess postoperative pain.[@b16-jpr-10-2687],[@b17-jpr-10-2687] It was found that SPI values were predictive of postoperative pain only if obtained before patient arousal from general anesthesia, and an SPI of 30 may be a useful predictor of moderate-to-severe postoperative pain.[@b18-jpr-10-2687] SPI could discriminate between low, moderate, and severe pain levels and was correlated significantly with total opioid consumption in the PACU.[@b17-jpr-10-2687] AC and AC/DC showed significant correlations with the pain-rating levels, and they were found to work well in predicting pain intensity for patients in the PACU.[@b16-jpr-10-2687] Considerations for further applications of PPG-derived parameters require more evidence from studies with more homogenized experimental conditions, the comparison and choice of optimal parameter(s) from the numerous derived parameters, and the identification of optimal time points for measuring.

ANI
===

First used to reflect the analgesia/nociception balance during general anesthesia, ANI is calculated from heart rate variability (HRV) and has been proposed as a surrogate pain measurement, the value of which is positively correlated with parasympathetic predominance in autonomic cardiac control and has been expanded to assessing immediate postoperative pain.[@b19-jpr-10-2687] Although postoperative pain after laparoscopic cholecystectomy was not reduced by intraoperative analgesia guided by ANI monitoring,[@b20-jpr-10-2687] the measurement of ANI immediately before extubation after general anesthesia was significantly associated with pain intensity on arrival in the PACU, which can be used for the prediction of immediate postoperative pain.[@b21-jpr-10-2687] ANI measurement during the immediate postoperative period was found to be significantly correlated with pain intensity and could be used to assess immediate postoperative analgesia as well.[@b19-jpr-10-2687] However, it was reported that changes in ANI did not seem useful in differentiating between minor and severe pain, although there was a small but statistically significant negative correlation between ANI and pain after sevoflurane anesthesia in the PACU.[@b22-jpr-10-2687] Later results of the study confirmed the correlation between ANI and FLACC scale (Face, Legs, Activity, Cry, Consolability scale) in young or cognitively impaired children.[@b23-jpr-10-2687] The inconsistencies of results mentioned earlier may be caused by the different hypnotic drugs chosen for the maintenance of general anesthesia, which have different effects on HRV and the possible individual variability.[@b24-jpr-10-2687] Subsequent studies on ANI for assessing pain in the PACU need to identify appropriate proportion of patients (by excluding those taking medications affecting HRV, such as beta-blocking agents or antiepileptic drugs, and minimizing the individual variability), convert and normalize the values of ANI with the consideration of different age, awareness, and intraoperative anesthetics and analgesics received, increase the sample sizes, etc.

SC
==

With mirroring the bursts in the skin sympathetic nerves, which are more specific and sensitive than cardiovascular indices, the number of fluctuations within the mean SC per second (NFSC) showed a significant correlation with intraoperative noxious stimuli and has been considered as a possible measurement for postoperative pain. The severity of postoperative pain was found to significantly influence SC for pain assessment in the PACU.[@b25-jpr-10-2687] Despite moderate sensitivity and specificity, NFSC identified time points with moderate-to-severe postoperative pain.[@b26-jpr-10-2687] NFSC accurately predicted the absence of moderate-to-severe pain in postoperative pediatric patients (1--16 years), but correlated weakly with NRS pain scores, being not specific for postoperative pain intensity and unable to identify analgesia requirements when compared with self-report measures in school-aged children after surgery.[@b27-jpr-10-2687] NFSC was found to fail to distinguish pain from other stressors in patients in the PACU as well.[@b28-jpr-10-2687] Others found that parameters of SC device (such as electrode type and sampling time) influence the accuracy of NFSC to identify states of moderate or severe postoperative pain.[@b29-jpr-10-2687] The inconsistencies of these results may be caused by the influences of other factors (stressors such as nausea, vomiting, and anxiety and medication such as neuromuscular reversal agents and alpha-2 agonists) and the differences of device parameters. Further studies are required to standardize the device parameters and exclude the inappropriate proportion of patients for NFSC application.

Pupillometry
============

With more sensitive and specific advantages over other autonomic responses to pain (such as blood pressure and heart rate), pupillary diameter (PD) and pupillary light reflex amplitude (PLRA, the difference between PD before and after light stimulation) may be used to assess acute pain. It was found that the pupillary dilation response can be used as a measure of pain, although only in controlled situations when confounding factors are well controlled.[@b30-jpr-10-2687] However, it was found that acute postoperative pain was not associated with PD or PLRA,[@b31-jpr-10-2687] and PD is not significantly influenced by early postoperative pain or pain relief in the PACU because of a residual effect of intraoperative opioids and a level of nociceptive stimulation lower than in surgical conditions.[@b32-jpr-10-2687] Another study demonstrated that pupillometry may be used to predict pain during the procedure to adjust analgesia before noxious procedures in patients unable to communicate verbally in the intensive care unit (ICU).[@b33-jpr-10-2687] More studies are needed to confirm pupillometry's related utility in the very population that would benefit most and exclude the effects of other factors besides pain on the results.

Management of postoperative pain in the PACU
============================================

The WHO recommends a multimodal approach to the treatment of pain.[@b34-jpr-10-2687] Currently, a multimodal approach to postoperative analgesia is recommended as well, which has been integrated into more effective postoperative rehabilitation pathways with multidisciplinary collaboration, such as enhanced recovery after surgery (ERAS) and "fast tracks." With the combination of analgesic drugs and/or techniques, a multimodal strategy focuses on principles to allow early mobilization, early enteral nutrition, education, and attenuation of postoperative stress response. Psychological therapy and other complementary therapies are beneficial as well. Different surgeries result in different severity of pain and analgesic requirements, and a specific approach may have different effects on patients undergoing different surgeries. Therefore, procedure-specific and individual analgesic strategies are required.[@b35-jpr-10-2687]

Targeting on central sensitization, preventive analgesia may be beneficial for reducing incidence and severity of both acute and chronic postoperative pain. As a part of preventive analgesia, preemptive analgesia involves the preoperative administration of analgesics so that they are effective intraoperatively, preventing central sensitization before exposure to painful stimuli.[@b9-jpr-10-2687] Preventive analgesia involves a broader approach for the entire perioperative period by blocking the neural transmission of all noxious perioperative stimuli. Although limited by methodologic issues that cause equivocalities, preemptive analgesia's efficacies have been supported and more widely accepted.[@b9-jpr-10-2687] To a certain degree, all the appropriate perioperative medication for postoperative analgesia, including preventive analgesia, can be considered as parts of postoperative pain management in the PACU.

Pharmacological management
==========================

Opioids
-------

Opioid analgesics are one of the cornerstone options for postoperative pain treatments with the advantage of no analgesic ceiling effects theoretically, but the analgesic efficacy of opioids is typically limited by the development of tolerance or opioid-related side effects realistically.[@b36-jpr-10-2687] Intravenous (IV) or intramuscular administration can be used for the treatment of moderate-to-severe pain. In addition to traditional administration routes, more options can be applied in the PACU. As compared with being instilled over the intact epidural space, 5 mg morphine (1 mg/mL) soaked in gelfoam placed in the epidural space significantly reduced PACU stay and analgesic consumption and prolonged the postoperative analgesia after spine surgery.[@b37-jpr-10-2687] Perineural fentanyl additive to local anesthetics, ropivacaine, reduced VAS score at 30 minutes after administration in the PACU, although not showing prominent enhancement of analgesic effect in the field of continuous femoral nerve block after total knee arthroplasty.[@b38-jpr-10-2687] However, when managing postoperative analgesic failure, it was found that patients who did not respond to reasonable doses of opioids (morphine, 10 mg, IV) in the PACU tended to be unresponsive to further opioids, and nonopioid analgesic techniques (such as regional anesthesia) should be considered early for these patients.[@b39-jpr-10-2687]

The principle of opioid administration is to obtain the maximum analgesia without intolerable adverse effects. Most of the opioid-related adverse effects are dose dependent, with nausea and vomiting, respiratory depression, and excessive sedation requiring more attention during the PACU period. Appropriate monitoring and timely treatment for opioid-related side effects are essential. As compared with nonopioid analgesics (nefopam), fentanyl, when used in a patient-controlled analgesia (PCA) regimen, was correlated with significantly higher Rhodes index scores (assessing postoperative nausea and vomiting) from 30 minutes after PACU arrival to 24 hours after PACU discharge.[@b40-jpr-10-2687] It was found that supervised continuous positive airway pressure treatment early after bariatric surgery improves sleep-disordered breathing and ameliorates the respiratory-depressant effects of opioids without undue hemodynamic effects.[@b41-jpr-10-2687]

New opioids are being developed with retained analgesic effects but minimized adverse effects as compared with traditional opioids. Tapentadol is both a μ-opioid agonist and a norepinephrine reuptake inhibitor, indicated for the treatment of moderate-to-severe pain. Compared with oxycodone immediate release (IR), tapentadol IR had similar efficacy for pain after arthroscopic shoulder surgery, but with greater overall improvement.[@b42-jpr-10-2687] Single dose of tapentadol administrated an hour before general anesthesia induction was effective in reducing perioperative analgesic requirements and pain in the PACU without additional side effects.[@b43-jpr-10-2687] Despite its improved gastrointestinal tolerability, the oral route of tapentadol may limit its usage in the PACU, while preemptive application can be an alternative with cautions in patients who have taken monoamine oxidase inhibitors.[@b44-jpr-10-2687]

Extended-release epidural morphine (EREM) is a single-dose extended-release morphine injection into the epidural space at lumbar level, which provides good postoperative analgesia for a period of 48 hours, with no need for epidural catheterization.[@b45-jpr-10-2687] Combined with a femoral nerve block, EREM can provide comparable analgesia to patient-controlled epidural analgesia (PCEA) and shorter PACU times in patients undergoing unilateral total knee replacement and be considered as a therapeutic equivalence to PCEA that may be more cost-effective.[@b46-jpr-10-2687] EREM is also found to be an effective alternative to conventional pain management techniques and may have a role in further enhancing the enhanced recovery program after colorectal surgery.[@b47-jpr-10-2687] However, more evidences should be obtained regarding EREM's risk of respiratory depression and indication for usage in the PACU.[@b48-jpr-10-2687] An iontophoretic transdermal system (ITS), when used for administering fentanyl for postoperative pain management, was associated with a better ease-of-care profile and greater ease of mobility.[@b49-jpr-10-2687]

Nonopioid analgesics
--------------------

Nonopioids are important components of multimodal analgesic regimen with additive or synergistic analgesia through various different mechanisms from that of opioids while reducing opioid-induced side effects,[@b3-jpr-10-2687] which can be used both effectively and safely for a short term in the PACU, although the combination of nonopioids is challenging for relatively little evidence showing its definite benefits, its side effects when used for a longer term having generally been ignored, and even fewer literature evaluating the role of combining more than two nonopioids.[@b2-jpr-10-2687],[@b50-jpr-10-2687],[@b51-jpr-10-2687]

More IV formulations of these drugs with faster onset time and potentially higher plasma levels as compared with the oral form have been available recently, which extend their usage in the PACU.[@b52-jpr-10-2687],[@b53-jpr-10-2687] IV acetaminophen use in ambulatory surgery decreased postoperative pain following operative procedures in the PACU, although not being associated with decreased PACU length of stay.[@b54-jpr-10-2687] IV acetaminophen administered 15 minutes before endotracheal intubation of general anesthesia for cesarean delivery reduced postoperative administration of meperidine and pain in the PACU,[@b55-jpr-10-2687] and 1000 mg IV acetaminophen at the surgical incision closure provided additional benefit in terms of improved postoperative pain scores, fewer potential adverse events related to opioid use, and decreased use of opioids after knee or hip arthroplasty.[@b56-jpr-10-2687] The combination of IV ibuprofen and hydromorphone produced a strong synergistic analgesia on postoperative pain after breast surgery.[@b57-jpr-10-2687] IV ketorolac was equivalently effective as fentanyl for postoperative pain management at 30 and 150 minutes postoperatively in outpatients, although fentanyl was more effective at 15 minutes.[@b58-jpr-10-2687] Perioperative use of IV ketorolac after laparoscopic gastric bypass surgery for morbid obesity helped provide an earlier discharge from the PACU and better outcomes.[@b59-jpr-10-2687] Preemptive analgesia using either ketorolac or parecoxib (IV, 30 minutes prior to incision) showed a significantly better early postoperative pain control in the PACU than the control group in patients undergoing lumbar spinal fusion.[@b60-jpr-10-2687]

Gabapentin improves the analgesic efficacy of opioids and reduces opioid consumption, but with an increased incidence of side effects such as sedation and dizziness. In patients undergoing elective surgical procedures, gabapentin reduced postoperative pain scores, but at the cost of delayed discharge from the PACU due to decreased level of consciousness in a dose-dependent fashion.[@b61-jpr-10-2687] As shown in a meta-analysis, preoperative gabapentin was more beneficial in mastectomy and spinal, abdominal, and thyroid surgeries on reducing postoperative opioid consumption as compared with the less significant results from studies on some other surgeries.[@b62-jpr-10-2687] Although pregabalin is absorbed more rapidly than gabapentin, some studies found that pregabalin provides additional analgesia in a short term. Oral pregabalin (300 mg) administered 4 hours before the induction of anesthesia reduced pain intensity and increased patient satisfaction in the PACU after abdominal hysterectomy without additional risk of side effects, but lower dose (150 mg) did not exert effects better than placebo.[@b63-jpr-10-2687] However, a single preoperative dose of pregabalin (150 mg) was found to reduce postoperative pain at rest and morphine consumption during the PACU period after lumbar discectomy.[@b64-jpr-10-2687] The inconsistency in these data may be caused by methodologic factors (including the difference between surgeries), which requires further studies.

Small-dose (analgesic) ketamine facilitates postoperative analgesia with its *N*-methyl-[d]{.smallcaps}-aspartate (NMDA) antagonist properties, attenuating central sensitization and opioid tolerance, although exerting possible amnestic effects. Ketamine supplemented intraoperatively produced better analgesia and decreased analgesic consumption after laparoscopic cholecystectomy in the PACU.[@b65-jpr-10-2687] Continuous S(+)-ketamine infusion during laparoscopic cholecystectomy provided better postoperative pain control in the PACU than placebo.[@b66-jpr-10-2687] Racemic mixtures of ketamine are neurotoxic, the neuraxial use of which is strongly discouraged. In fact, a recent study revealed that the addition of ketamine (1 mg/kg) to 0.1% ropivacaine via continuous femoral block with pump infusion after repairing anterior cruciate ligament could not improve postoperative pain control.[@b67-jpr-10-2687]

Other adjuncts
--------------

Dexmedetomidine (DEX) has been found to relieve postoperative pain and reduce postoperative opioid consumption in many surgical settings via various routes.[@b68-jpr-10-2687] Intraoperative administration of DEX could reduce perioperative and PACU opioid consumption as well as postoperative pain intensity in the PACU after neurosurgery.[@b69-jpr-10-2687] IV DEX was proved effective for preventing emergence agitation and reducing severe pain and the requirement of rescue drugs in the PACU in children.[@b70-jpr-10-2687] IV DEX at sedative doses initiated at the end of main procedures of the surgery to the time in the PACU resulted in better postoperative hemodynamic stability than fentanyl or remifentanil with a similar effect of pain control in the PACU.[@b71-jpr-10-2687] DEX as an intrathecal adjuvant with ropivacaine for spinal anesthesia provided better postoperative analgesia after infraumbilical surgeries as compared with MgSO~4~.[@b72-jpr-10-2687] DEX as an epidural adjuvant had a greater analgesic and local anesthetic-sparing effect, compared with fentanyl, in the early postoperative period in children undergoing major orthopedic lower extremity surgery.[@b73-jpr-10-2687] The use of DEX as an adjunct to an ilioinguinal/iliohypogastric nerve block resulted in reduced pain following pediatric inguinal hernia repair in the PACU and a prolongation of the period to first supplemental analgesia demand.[@b74-jpr-10-2687] DEX local wound infiltration 5 minutes prior to skin incision significantly reduced perioperative (including PACU) fentanyl consumption, and subsequently ensured earlier discharge from PACU and less side effects.[@b75-jpr-10-2687] Perioperative usage of DEX has been used for postoperative analgesia, although heart rate needs to be monitored cautiously.

Perioperative usage of dexamethasone has been frequently studied for effective postoperative analgesia as well. A meta-analysis indicated that a single perioperative dose of dexamethasone (IV) had significant analgesic benefits with decreasing postoperative pain scores and opioid consumption, increasing time for the first dose of analgesic and shortening stays in the PACU.[@b76-jpr-10-2687] A single dose of dexamethasone (IV) 15 minutes before the induction of anesthesia enhanced ketamine's postoperative analgesic effects in children after tonsillectomy in the PACU.[@b77-jpr-10-2687] Low doses of dexamethasone (IV) administered at the time of block completion significantly prolonged the postoperative analgesic duration of single-shot interscalene block after arthroscopic shoulder surgery.[@b78-jpr-10-2687] Perineural dexamethasone added as an adjuvant of ropivacaine was more effective than IV in extending the duration of ropivacaine in interscalene brachial plexus blocks with lowering pain scores within 24 hours after surgery.[@b79-jpr-10-2687] Epidural dexamethasone added to bupivacaine also prolonged the duration of postoperative analgesia.[@b80-jpr-10-2687] Further studies are warranted to determine the optimal dosage with the minimized risk.

Regional anesthesia techniques
==============================

Epidural techniques
-------------------

Epidural analgesia (EA) has been widely used as a safe and effective method for the management of acute postoperative pain and even considered as the "gold standard" for pain management after major surgery for decades.[@b2-jpr-10-2687] Selection and dosage of analgesics, location of catheter placement, and onset and duration of administration should be taken into consideration when EA is planned. Local anesthetics, opioids, or the combinations of the two with (or without) adjuvant drugs can be used with single dose or continuous infusion with catheter for epidural administration. Continuous EA with local anesthetic--opioid combination is well accepted for excellent analgesia with fewer side effects. However, current evidence suggests that the advantages of EA may have been overestimated, and its risks have been underestimated in the past. As probably there are superior alternatives to EA, some other less invasive regional anesthesia techniques are comparably effective and safer.[@b2-jpr-10-2687]

Perineural techniques
---------------------

Perineural techniques can be applied in many parts of the body for postoperative analgesia with advantages over systemic opioids and neuraxial techniques for efficacy and less invasiveness, decreased opioid-related side effects and risk for spinal hematoma, and improvement in patient satisfaction. Single-injection peripheral nerve block is limited by relatively short duration. Continuous infusions of analgesics can be administered through peripheral nerve catheters allowing prolonged analgesia. Continuous perineural techniques are even recommended as the preferred choice for major orthopedic surgical procedures such as hip or knee replacement surgery.[@b81-jpr-10-2687]

The efficacy and safety of perineural techniques for postoperative analgesia in the PACU have also been well established. A preoperative lumbar plexus block resulted in a reduction in pain scores in patients undergoing total hip arthroplasty in the immediate postoperative period in the PACU.[@b82-jpr-10-2687] Supplemental single-shot femoral nerve block for total hip arthroplasty resulted in earlier PACU discharge capability and better lung function and pain control postoperatively as well.[@b83-jpr-10-2687] When compared to ropivacaine 0.2% and bupivacaine 0.25%, ropivacaine 0.5% for femoral nerve block provides superior postoperative analgesia in children undergoing arthroscopic knee surgery with decreased postoperative opioid consumption and earlier PACU/hospital discharge.[@b84-jpr-10-2687] Different procedures of continuous interscalene technique (out-of-plane vs in-plane technique) can offer equivalent analgesia as concerning PACU pain ratings, and out-of-plane technique can be an alternative method when in-plane approach is difficult to be performed on some patients.[@b85-jpr-10-2687] Ultrasound-guided interscalene nerve blocks for perioperative analgesia can be safely and effectively performed in obese patients with body mass index being associated with an increased peak PACU pain, PACU opioid administration, and incidence of PACU nausea.[@b86-jpr-10-2687]

Paravertebral block (PVB) was as effective as thoracic epidural block (TEB) in pain control after thoracotomy, offered equivalent analgesia to either TEB or wound infiltration after cardiothoracic surgery, and reduced the risks of developing minor complications.[@b87-jpr-10-2687],[@b88-jpr-10-2687] Compared to general anesthesia, PVB for breast surgery reduced pain score at both rest and movement in the PACU, in addition to PVB's effects on improving pulmonary function and reducing length of hospital stay.[@b89-jpr-10-2687] Thoracic PVB reduced pain at rest and on cough after laparotomy in the PACU and appeared to be a promising analgesic technique for abdominal surgery in terms of efficacy and safety.[@b90-jpr-10-2687],[@b91-jpr-10-2687] Compared to the anatomic landmark-guided PVB, an ultrasound-guided PVB needed more local anesthetic, but there was no difference between the two approaches regarding perioperative opioid use, PACU pain scores, and complications; moreover, the latter one benefited better performance of junior physicians.[@b92-jpr-10-2687]

First described in 2011, the pectoral nerve (Pecs) blocks have been used for analgesia for breast and chest wall procedures.[@b93-jpr-10-2687] When combined with general anesthesia, Pecs blocks lowered postoperative pain score, reduced postoperative opioid consumption, and decreased the length of PACU stay, as opposed to general anesthesia alone for breast surgery.[@b94-jpr-10-2687]--[@b96-jpr-10-2687] Pecs improved the analgesic effects of thoracic PVB in the immediate postoperative period after reconstructive breast surgery.[@b97-jpr-10-2687] Pecs block was even found to provide superior postoperative analgesia than PVB after modified radical mastectomy (including lowering pain score in the initial postoperative 2 hours) without any adverse effect.[@b98-jpr-10-2687] More studies evaluating the safety of Pecs blocks offering data on its failure and complication rates are required.

Perineural techniques have not been used as frequently as supposed,[@b99-jpr-10-2687] but ultrasound guidances have improved the rate of correct identification of nerves and successful performance and reduced complications, which encourages their usages.

Infiltrative techniques
-----------------------

Being less invasive and easily to conduct, infiltrative techniques have received increasing attention. Used either alone or as part of multimodal regimens, these techniques have been proved to be effective and safe (with fewer opioid-related side effects) for postoperative pain management in the PACU.

Local subcutaneous anesthetic wound infiltration with 20 mL of 0.75% ropivacaine performed before carotid endarterectomy closure reduced the need for additional opioids, lowered the immediate postoperative pain, and improved alertness in PACU.[@b100-jpr-10-2687] As compared with bilateral superficial cervical plexus block, local wound infiltration could be equivalently effective for reducing pain scores and analgesic requirements during the immediate postoperative period in the PACU in patients who underwent robot-assisted endoscopic thyroidec-tomy.[@b101-jpr-10-2687] Compared with a low-concentration and high-volume (125 mL ropivacaine 0.2%) wound infiltration analgesia, a high-concentration and low-volume (50 mL ropivacaine 0.5%) one during cesarean delivery exerted equivalent effect on postoperative pain intensity and time spent in the PACU.[@b102-jpr-10-2687] Combination of intraperitoneal and incisional ropivacaine facilitated PACU transfer and effectively and safely reduced pain intensity after laparoscopic cholecystectomy as compared with the separate usage.[@b103-jpr-10-2687] Wound catheter infusions provide effective pain relief without major adverse effects, and the catheters can be placed in several sites, including subcutaneous, subfascial, preperitoneal, intraperitoneal, subacromial, intraosseous, and intra-articular.[@b99-jpr-10-2687]

Patients undergoing ileostomy reversal with transversus abdominis plane (TAP) blocks experienced less pain intensity and required fewer opioids in the PACU than those in the control group.[@b104-jpr-10-2687] Compared with the usage of IV fentanyl, unilateral TAP block with injection of bupivacaine reduced pain intensity, rescue analgesia, and time stay with less complications in the PACU in patients undergoing ureteric shock wave lithotripsy.[@b105-jpr-10-2687] However, although single-injection subcostal TAP block reduced morphine consumption from PACU admission to 6 hours as compared with IV opioid analgesia, it increased morphine consumption for 6--24 hours as compared with continuous thoracic EA after elective radical gastrectomy.[@b106-jpr-10-2687] Although the subcostal and posterior TAP had comparable effects on pain scores in the PACU initially, subcostal TAP block was better at lowering the scores than the posterior approach after 4 hours in patients undergoing laparoscopic cholecystectomy.[@b107-jpr-10-2687] A post-induction, pre-incision bilateral TAP block combined with local peritoneal infiltration at port sites with long-acting liposomal bupivacaine reduced initial and final PACU pain scores and shorten PACU times.[@b108-jpr-10-2687]

Local infiltration analgesia (LIA) has achieved more widespread acceptance as a major recent development in lower-extremity joint replacement surgery.[@b109-jpr-10-2687] The LIA technique benefits postoperative pain relief safely as compared with traditional methods such as EA.[@b110-jpr-10-2687],[@b111-jpr-10-2687] More studies on the role of intra-articular catheters, optimization of analgesic combinations, and usage of ultra long-acting local anesthetics are required. Intraperitoneal use of local anesthetics during surgery was shown to reduce postoperative pain, opioids use, and the need for rescue analgesia as well.[@b112-jpr-10-2687]

PCA
===

PCA is increasingly recognized as an ideal approach for postoperative pain management for its minimizing pharmacokinetic and pharmacodynamic variability in individual patients and providing significantly better analgesia and patient satisfaction. Multiple PCAs can be chosen for initiation in the PACU, including IV PCA, PCEA, patient-controlled regional analgesia (PCRA), patient-controlled intranasal analgesia (PCINA), patient-controlled transdermal analgesia (PCTA), and patient-controlled sublingual analgesia (PCSA). Different agents, techniques, and/or their combinations enable more options of PCA. It should be cautious with the possible errors in the device, programming or by operators, in addition to the side effects of analgesics in PCA usage, and different regimens and administration/prevention strategies should be considered individually to minimize the adverse effects and enhance pain relief.[@b113-jpr-10-2687]

Consideration for special populations
=====================================

Mood disorders, such as anxiety and depression, and/or some personality types (e.g., neuroticism) may result in mental instabilities in the PACU, further complicate the postoperative pain perception and relief, and correlate with chronic PPP. Preoperative interview and reassurance from anesthesiologists, midazolam, alpha-2 agonists, antidepressants, and anticonvulsants are effective in decreasing anxiety.[@b114-jpr-10-2687] Regarding linked mechanism of pain and depression, antidepressant drugs have been used for the prevention of acute postoperative pain, but there is insufficient evidence to support the routine use of them in the perioperative period.[@b115-jpr-10-2687],[@b116-jpr-10-2687] Antidepressants may not be appropriate for those with acute onset of depression perioperatively and/or rapid analgesia in the PACU, because these effects become apparent after using for a few days. There are rare studies on psychiatric medication in the PACU for the relatively short period, but some non-pharmacological therapies have shown potential benefits, such as psychological therapy, music, and aromatherapy.[@b117-jpr-10-2687] Psychological assessment and assistance from professionals should be considered if necessary. More studies on optimal analgesic strategies (the selection of measures and the timing of the intervention) for these patients in the PACU are needed.

Patients with opioid tolerance caused by the history of chronic pain with opioid-based analgesic therapy and/or a substance use disorder present more challenges. Additional considerations include preoperative identification of these patients, more objective assessment of pain, perioperative therapy with opioids with high intrinsic efficacy and/or higher dosage (without overdose), multimodal analgesia combined with nonopioid analgesics and/or regional techniques, NMDA receptor antagonists for attenuation of tolerance, preventing withdrawal syndromes, and psychological-social assistance.[@b118-jpr-10-2687]--[@b120-jpr-10-2687] Larger doses of analgesic medication (in addition to the patients' baseline pain medication) are required in the immediate postoperative period, but analgesia is not frequently provided adequate enough.[@b36-jpr-10-2687] It was recommended to titrate opioids aggressively to achieve adequate pain control in the PACU.[@b121-jpr-10-2687] Initiation of PCA with IV opioids in the PACU minimized the risk of undermedication and breakthrough pain.[@b122-jpr-10-2687]
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